Anticoagulation with bivalirudin alone, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, resulted in a reduced 30-day rate of net adverse clinical events (9.2% vs. 12.1%; relative risk, 0.76; 95% confidence interval [CI] 0.63 to 0.92; P = 0.005), owing to a lower rate of major bleeding (4.9% vs. 8.3%; relative risk, 0.60; 95% CI, 0.46 to 0.77; P<0.001). There was an increased risk of acute stent thrombosis within 24 hours in the bivalirudin group, but no significant increase was present by 30 days. Treatment with bivalirudin alone, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, resulted in significantly lower 30-day rates of death from cardiac causes (1.8% vs. 2.9%; relative risk, 0.62; 95% CI, 0.40 to 0.95; P = 0.03) and death from all causes (2.1% vs. 3.1%; relative risk, 0.66; 95% CI, 0.44 to 1.00; P = 0.047).
A bs t r ac t Background Treatment with the direct thrombin inhibitor bivalirudin, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, results in similar suppression of ischemia while reducing hemorrhagic complications in patients with stable angina and non−STsegment elevation acute coronary syndromes who are undergoing percutaneous coronary intervention (PCI). The safety and efficacy of bivalirudin in high-risk patients are unknown.
Methods
We randomly assigned 3602 patients with ST-segment elevation myocardial infarction who presented within 12 hours after the onset of symptoms and who were undergoing primary PCI to treatment with heparin plus a glycoprotein IIb/IIIa inhibitor or to treatment with bivalirudin alone. The two primary end points of the study were major bleeding and combined adverse clinical events, defined as the combination of major bleeding or major adverse cardiovascular events, including death, reinfarction, target-vessel revascularization for ischemia, and stroke (hereinafter referred to as net adverse clinical events) within 30 days. P rimary percutaneous coronary intervention (PCI) in patients with evolving STsegment elevation myocardial infarction decreases infarct size and the rates of recurrent ischemia, reinfarction, and stroke and improves survival, as compared with pharmacologic reperfusion therapy. 1,2 Nonetheless, the prognosis after primary PCI has remained essentially unchanged over the past decade, with neither stents nor other novel devices or drugs improving survival beyond that achievable with balloon angioplasty alone. [3] [4] [5] [6] [7] [8] Treatment with glycoprotein IIb/IIIa inhibitors may decrease the short-and long-term risk of death, 9, 10 and these agents are used in more than 90% of patients who undergo primary PCI in the United States and in the majority of such patients in Europe. 11, 12 Nonetheless, glycoprotein IIb/IIIa inhibitors increase the risk of hemorrhagic complications and thrombocytopenia, 3, 10, [13] [14] [15] which have been strongly associated with early and late mortality. [15] [16] [17] [18] [19] The direct thrombin inhibitor bivalirudin (Angiomax, the Medicines Company), when used instead of heparin plus glycoprotein IIb/IIIa inhibitors, has been shown in large-scale, randomized trials to reduce major and minor bleeding and thrombocytopenia while resulting in similar rates of ischemia after PCI in patients with stable angina, those with unstable angina, and those with non−ST-segment elevation myocardial infarction. [20] [21] [22] [23] Whether bivalirudin is safe and effective for patients with ST-segment elevation myocardial infarction who are undergoing primary PCI has not, to our knowledge, been studied. We therefore performed a large-scale study to evaluate the clinical value of bivalirudin in patients with STsegment elevation myocardial infarction.
Me thods

Trial
The Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction (HORIZONS-AMI) study was a prospective, openlabel, randomized, multicenter trial that compared bivalirudin alone with heparin plus a glycoprotein IIb/IIIa inhibitor in patients with ST-segment elevation myocardial infarction who were undergoing primary PCI. The trial was designed by the principal investigator (Dr. Stone), executive committee, and pharmacology committee and was sponsored and managed by the Cardiovascular Research Foundation, a nonprofit foundation affiliated with Columbia University (receiving funding from many commercial entities that make products for use in cardiovascular medicine, in addition to various other sources), with grant support from Boston Scientific and the Medicines Company. Other than supplying financial support and the drugs and devices, the funding companies were not involved with study processes, including site selection and management, data collection, and analysis. The principal investigator had unrestricted access to the data after the database was locked, controlled the decision to publish, prepared the manuscript, and vouches for the integrity and completeness of the trial report. No agreements exist regarding confidentiality of the data among the funding companies, the sponsor, and the investigators.
Patient Population
Consecutive patients 18 years of age or older who presented within 12 hours after the onset of symptoms and who had ST-segment elevation of 1 mm or more in two or more contiguous leads, new left bundle-branch block, or true posterior myocardial infarction were considered for enrollment. The principal exclusion criteria were contraindications to the study medications; prior administration of thrombolytic agents, bivalirudin, glycoprotein IIb/ IIIa inhibitors, low-molecular-weight heparin, or fondaparinux for the present admission (although prior unfractionated heparin was allowed); current use of warfarin; history of bleeding diathesis, coagulopathy, heparin-induced thrombocytopenia, intracerebral mass, aneurysm, arteriovenous malformation, or hemorrhagic stroke; stroke or transient ischemic attack within the previous 6 months or any permanent neurologic deficit; refusal to receive blood transfusions; gastrointestinal or genitourinary bleeding within the previous 2 months; major surgery within the previous 6 weeks; a known platelet count of less than 100,000 cells per cubic millimeter or a hemoglobin level of less than 10 g per deciliter, a planned elective surgical procedure that would necessitate an interruption in treatment with thienopyridines during the first 6 months after enrollment; coronary stent implantation within the previous 30 days; and noncardiac coexisting conditions that could limit life expectancy to less than 1 year or that might interfere with Patients were randomly assigned, in an open-label fashion and in a 1:1 ratio, to treatment with unfractionated heparin plus a glycoprotein IIb/IIIa inhibitor (the control group) or to treatment with bivalirudin alone (Fig. 1) . Heparin was administered as an intravenous bolus of 60 IU per kilogram of body weight, with subsequent boluses targeted to an activated clotting time of 200 to 250 seconds. Bivalirudin was administered as an intravenous bolus of 0.75 mg per kilogram, followed by an infusion of 1.75 mg per kilogram per hour. If heparin was administered in a patient in the bivalirudin group, bivalirudin was started 30 minutes later but in all cases before PCI. Both antithrombin agents were discontinued, as specified by the protocol, at the completion of angiography or PCI but could be continued at low doses if they were clinically indicated. A glycoprotein IIb/IIIa inhibitor was administered before PCI in all the patients in the control group but was to be administered in the bivalirudin group only in patients with no reflow or with giant thrombus after PCI. Either abciximab (a bolus of 0.25 mg per kilogram followed by an infusion of 0.125 μg per kilogram per minute; maximum dose, 10 μg per minute) or doublebolus eptifibatide (a bolus of 180 μg per kilogram followed by an infusion of 2.0 μg per kilogram per minute, with a second bolus given 10 minutes after the first; no maximum dose prespecified), adjusted for renal impairment according to the label, was permitted at the discretion of the investigator and was continued for 12 hours (abciximab) or 12 to 18 hours (eptifibatide).
Aspirin (324 mg given orally or 500 mg administered intravenously) was given in the emergency room, after which 300 to 325 mg was given orally every day during the hospitalization, and 75 to 81 mg every day thereafter indefinitely. A loading dose of clopidogrel (either 300 mg or 600 mg, at the discretion of the investigator), or ticlopidine (500 mg), in the case of allergy to clopidogrel, was administered before catheterization, followed by 75 mg orally every day for at least 6 months (1 year or longer recommended).
Telephone randomization was performed with the use of a computerized, interactive voice-response system and a dynamic (minimization) allocation scheme that balanced the assignments for the administration of heparin before randomization; the administration of 300 mg or 600 mg of clopidogrel or 500 mg of ticlopidine before catheterization; planned administration of abciximab or eptifibatide for patients assigned to the control group; and the location of the study site (in the United States or outside the United States).
Emergency coronary angiography with left ventriculography was performed after randomization, followed by triage, at the discretion of the physician, to PCI, coronary-artery bypass grafting (CABG), or medical management, as described previously. 3 After patency was restored in the infarct-related vessel, eligible patients were randomly assigned again, in a 3:1 ratio, to either paclitaxeleluting stents (TAXUS Express, 2 Boston Scientific) or uncoated, bare-metal stents that were identical in appearance (Express, 2 Boston Scientific). The protocol specified that enrollment would continue until 3000 patients had been randomly assigned to a treatment group in this second part of the study. Clinical follow-up was performed at 30 days (±7 days), 6 months (±14 days), and 1 year (±14 days) and then yearly for a total of 5 years. Prespecified analyses of the primary end points were planned at 30 days for the first randomization (the pharmacologic component of the study) and at 1 year for the second randomization (the stent component). The results of the second randomization currently remain blinded, and the 30-day results reported here are based on pooled data for the stent groups. There were no significant interactions between stent type and the primary end points at 30 days in the pharmacologic component, according to an unblinded, independent statistical monitoring group.
Statistical Analysis
Two primary 30-day end points were prespecified: major bleeding (not related to coronary-artery bypass grafting) and combined adverse clinical events, defined as the combination of major bleeding or a composite of major adverse cardiovascular events, including death, reinfarction, targetvessel revascularization for ischemia, and stroke (hereinafter referred to as net adverse clinical events). Major bleeding was defined as intracranial or intraocular hemorrhage; bleeding at the access site, with a hematoma that was 5 cm or larger or that required intervention; a decrease in the hemoglobin level of 4 g per deciliter or more without an overt bleeding source or 3 g per deciliter or more with an overt bleeding source; reoperation for bleeding; or blood transfusion. Bleeding was also assessed and adjudicated on the basis of the Thrombolysis in Myocardial Infarction (TIMI) and Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) scales. Major adverse cardiovascular events have been defined previously. 24 Death from cardiac causes was defined as death due to acute myocardial infarction, cardiac perforation or pericardial tamponade, arrhythmia or conduction abnormality, stroke, procedural complications, or any death for which a cardiac cause could not be ruled out. Death from noncardiac causes included bleeding-related death. Stent thrombosis was defined as the definite or probable occurrence of a stent-related thrombotic event according to the Academic Research Consortium classification. 25 An independent clinical events committee that was unaware of the treatment assignments adjudicated all end-point events by reviewing the medical records. The primary analyses were performed for all patients who underwent randomization, according to the intention-to-treat principle; secondary analyses were performed for the patients who underwent primary PCI. Sequential noninferiority and superiority analysis with hierarchical endpoint testing for both primary end points was prespecified, with type I error controlled by the Benjamini-Hochberg procedure. 26 Two additional patients who did not give written consent were randomly assigned to bivalirudin, but the study drug was not administered and no data were collected for these patients. After coronary arteriography, a second round of randomization was performed, with eligible patients assigned to receive a paclitaxel-eluting stent or a bare-metal stent (not shown). Results of this randomization remain blinded. CABG denotes coronary-artery bypass grafting, GP glycoprotein, PCI percutaneous coronary intervention, and STEMI ST-segment elevation myocardial infarction. two-sided 95% confidence interval, with the use of binomial proportions. The noninferiority margins for major bleeding and net adverse clinical events were prespecified at 1% and 3.2%, respectively. A two-sided alpha level of 0.05 was used for superiority testing. Assuming true 30-day event rates for major bleeding and net adverse clinical events of 9% and 12%, respectively, in the control group and 6% and 9%, respectively, in the bivalirudin group, with 1700 patients in each group, the trial had 99% power to show the superiority of bivalirudin for reducing the rate of major bleeding and 80% power to show its superiority for reducing the rate of net adverse clinical events. Categorical outcomes were compared by means of the chi-square test or Fisher's exact test. Continuous variables were compared by means of the Wilcoxon rank-sum test. In addition to the primary analysis, which was based on binomial proportions, time-to-event outcomes, determined with Kaplan−Meier methods, were compared by means of the log-rank test.
R e sult s
Patients and Procedures
Between March 25, 2005, and May 7, 2007, a total of 3602 patients, at 123 centers in 11 countries, who had ST-segment elevation myocardial infarction and were undergoing primary PCI were randomly assigned to treatment with heparin plus a glycoprotein IIb/IIIa inhibitor (1802 patients) or with bivalirudin alone (1800 patients) ( Fig. 1) . After emergency angiography, the primary management strategy was primary PCI in 92.7% of the patients, deferred PCI in 0.2%, primary CABG in 1.7%, and medical management in 5.3%.
The baseline features of the groups were well matched ( Table 1 ). The median age was 60.2 years, and 76.6% of the patients were men. The infarctrelated vessel was the left anterior descending artery in 40.7% of the patients who were undergoing primary PCI, and stents were implanted in 95.5% of those patients. Compliance with protocol-specified study medications was high (Table 2) . Unfractionated heparin (typically a bolus without infusion) was administered before cardiac catheterization in approximately two thirds of the patients who were assigned to treatment with bivalirudin. A 600-mg loading dose of clopidogrel was used almost twice as frequently as a 300-mg dose. Glycoprotein IIb/IIIa inhibitors were administered in 129 patients (7.2%) who were assigned to bivalirudin treatment -in 47 because of a sustained absence of reflow after PCI, in 32 because of giant thrombus after PCI, and in the rest for various other clinical indications.
Clinical Outcomes
At 30 days, patients who were assigned to receive bivalirudin alone, as compared with those who were assigned to receive heparin plus a glycoprotein IIb/IIIa inhibitor, had a significantly reduced rate of net adverse clinical events (9.2% vs. 12.1%; relative risk, 0.76; 95% confidence interval [CI], 0.63 to 0.92; P = 0.005), owing to a lower rate of major bleeding (4.9% vs. 8.3%; relative risk, 0.60; 95% CI, 0.46 to 0.77; P<0.001), with similar rates of major adverse cardiovascular events (5.4% and 5.5%, respectively; relative risk in the bivalirudin group, 0.99; 95% CI, 0.76 to 1.30; P = 0.95) (Table 3 and Fig. 2) . In a post hoc analysis, with the exclusion of large hematomas from the protocol definition, the rate of major bleeding was reduced from 7.8% with heparin plus glycoprotein IIb/IIIa inhibitors to 4.7% with bivalirudin (P<0.001). Bivalirudin, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, also reduced hemorrhagic complications as defined by the TIMI and GUSTO scales, thrombocytopenia, and the need for blood transfusions (Table 3) . Among patients in the control group, the peak activated clotting time did not differ significantly between those with major bleeding and those without major bleeding (median, 273 seconds and 263 seconds, respectively; P = 0.12).
Treatment with bivalirudin, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, resulted in significantly lower 30-day rates of death from cardiac causes (1.8% vs. 2.9%; relative risk, 0.62; 95% CI, 0.40 to 0.95; P = 0.03) and death from all causes (2.1% vs. 3.1%; relative risk, 0.66; 95% CI, 0.44 to 1.00; P = 0.047); rates of reinfarction, target-vessel revascularization, and stroke were not significantly different (Table 3 and Fig. 2 ). There were no significant differences in the peak creatine kinase level or creatine kinase MB fraction between the bivalirudin group and the group that received heparin plus glycoprotein IIb/IIIa inhibitors (median peak creatine kinase level, 1433.0 U per liter and 1428.5 U per liter, respectively; P = 0.79; median peak creatine kinase MB fraction, 162.8 U per liter and 160.1 U per liter, respectively; P = 0.98). There were no significant interactions between the treatment assignment and either preprocedural unfractionated-heparin use or clopidogrel loading dose with respect to major adverse cardiovascular events or major bleeding (Table 4) . Among 3124 patients in whom stents were successfully implanted, the overall rate of stent thrombosis at 30 days did not differ significantly between the group that received bivalirudin and the group that received heparin plus a glycoprotein IIb/IIIa inhibitor (2.5% and 1.9%, respectively; P = 0.30). However, in a prespecified analysis, within the first 24 hours, stent thrombosis occurred in 17 more patients in the bivalirudin group than in the group receiving heparin plus a glycoprotein IIb/IIIa inhibitor (1.3% vs. 0.3%, P<0.001), whereas between 24 hours and 30 days, stent thrombosis occurred in 7 fewer patients in the bivalirudin group (1.2% vs. 1.7%, P = 0.28). Nonetheless, patients in whom PCI was performed and who were Among the 25 patients in whom stent thrombosis developed within 24 hours, 2 patients died (8.0%), including 1 in each randomized group. In the entire study cohort, of the 93 patients who died within 30 days, death was preceded by major bleeding in 26 patients, 8 of whom were in the bivalirudin group (hazard ratio for death among patients with vs. those without major bleeding, 9.12; 95% CI, 5.73 to 14.52; P<0.001) and by definite stent thrombosis in 5 patients, 1 of whom was in the bivalirudin group (hazard ratio for death among patients with vs. those without definite stent thrombosis, 5.54; 95% CI, 2.24 to 13.69; P<0.001).
Dis cus sion
In this prospective, randomized trial involving patients with ST-segment elevation myocardial infarction who were undergoing primary PCI, treatment with the direct thrombin inhibitor bivalirudin (with glycoprotein IIb/IIIa inhibitors administered in 7.2% of the patients because of suboptimal results of the PCI), as compared with treatment with heparin plus the routine use of glycoprotein IIb/IIIa inhibitors, improved eventfree survival at 30 days, owing to a significant reduction in major bleeding. The rates of major adverse cardiovascular events were similar in the two treatment groups. Bivalirudin reduced the rate of major bleeding, as classified not only by the protocol definition but also by the laboratory-based TIMI scale and the clinical GUSTO scale, and in addition reduced the rates of thrombocytopenia and blood transfusion, despite the significantly higher peak activated clotting time among patients treated with bivalirudin. Moreover, random assignment to bivalirudin alone as compared with heparin plus glycoprotein IIb/IIIa inhibitors significantly reduced the rates of death from cardiac causes and from all causes at 30 days.
The reduction in mortality with bivalirudin as compared with heparin plus glycoprotein IIb/IIIa inhibitors in the present trial may be attributable to the prevention of iatrogenic hemorrhagic complications. Previous trials have documented the independent relationship between major bleeding (with or without blood transfusions) and subsequent death. [16] [17] [18] [19] Major bleeding was a more powerful predictor of death than periprocedural myocardial infarction after PCI in the Randomized Evaluation of PCI Linking Angiomax to Reduced Clinical Events 2 (REPLACE-2) trial, and the reduction in bleeding with bivalirudin as compared with heparin plus glycoprotein IIb/IIIa inhibitors resulted in a trend toward reduced late mortality after PCI among the relatively low-risk patients in that study. 27 In the present trial, more deaths occurred after major bleeding (26 deaths) than after reinfarction (10) or definite stent thrombosis (5). The 40% relative reduction in major bleeding in the bivalirudin group as compared with the group that received heparin plus a glycoprotein IIb/IIIa inhibitor, with similar rates of ischemic complications, may thus explain the observed improvement in survival with bivalirudin in patients with STsegment elevation myocardial infarction, who are at higher risk than the patients in the REPLACE-2 trial. Moreover, anticoagulation with bivalirudin reduced the occurrence of severe thrombocytopenia, which has also been strongly associated with death among patients with ST-segment elevation myocardial infarction and with PCI. 14, 15 Among patients in whom a stent was successfully implanted, assignment to bivalirudin, as compared with heparin plus glycoprotein IIb/IIIa inhibitors, resulted in 17 more episodes of stent thrombosis within the first 24 hours, representing a significant 1.0% absolute increase, which was partially offset by 7 fewer events in the patients treated with bivalirudin between 24 hours and 30 days (absolute reduction, 0.5%). The early increase in stent thrombosis with bivalirudin alone may be explained by adenosine diphosphateinduced platelet activation before maximal thienopyridine blockade of the P2Y 12 receptor 28 or by residual thrombin activity after the discontinuation of bivalirudin. However, although the increase in acute thrombotic events probably underlies the increased risk of major adverse cardiovascular events that was noted on the first day among patients treated with bivalirudin, the overall 30-day rates of reinfarction were not increased -1.8% in each group -and only 2 of the 93 deaths in the study occurred after acute stent thrombosis (1 in each randomized group). The prognostic im- plications of acute stent thrombosis that occurs early in the hospital phase in closely monitored patients who have undergone primary PCI for STsegment elevation myocardial infarction and that affects a previously infarcted myocardial territory may thus differ from the implications of subacute stent thrombosis or acute thrombosis that occurs after discharge from the hospital in patients who have undergone elective PCI and whose left ventricular function was well preserved. Most important, the rate of death from cardiac causes (including deaths due to stent thrombosis) among patients who were treated with heparin plus a glycoprotein IIb/IIIa inhibitor surpassed that among patients treated with bivalirudin by day 7, and by 30 days, a significant 37.9% relative reduction in death from cardiac causes (an absolute decrease of 1.1%) was seen in the group treated with bivalirudin. Further investigation is warranted to determine whether the risk of early stent thrombosis can be mitigated by treatment with more rapidly acting and potent thienopyridine agents, 29,30 a longer course of bivalirudin, or both, without increasing the risk of bleeding. Pending such studies, the 1% incremental risk of stent thrombosis within the first 24 hours, with no significant difference in the rates at 30 days, must be placed in the context of the decrease in the rate of major bleeding and the subsequent 1% absolute reduction in mortality from cardiac causes that were achieved with the abbreviated use of bivalirudin (i.e., only during PCI) as compared with heparin plus glycoprotein IIb/IIIa inhibitors.
The present study has several strengths, including the enrollment of a broad cross section of patients. Nonetheless, several limitations should be noted. First, the logistic complexities of the trial necessitated an open-label design, introducing potential bias. However, compliance with the protocol procedure and the study medications was high, and the rate of provisional use of glycoprotein IIb/IIIa inhibitors in the bivalirudin group was low and similar to that in the double-blind REPLACE-2 trial. 20 The relative reductions in hemorrhagic complications with bivalirudin as compared with heparin plus glycoprotein IIb/IIIa inhibitors in the present trial were also similar to those in the REPLACE-2 trial. 20 Potential bias was further mitigated by the use of blinded core laboratories and a clinical-event adjudication committee that required original-source documentation for event verification. Second, a heparin bolus was administered in the emergency room to approximately two thirds of the patients, with bivalirudin most commonly started in the cardiac catheterization laboratory 30 minutes later, before PCI. Interaction testing, however, showed that administration of bivalirudin significantly reduced major bleeding independently of preprocedural administration of heparin, and preprocedural administration of heparin before bivalirudin was associated with a weak trend toward reduced major adverse cardiovascular events at 30 days. Third, the trial was underpowered for low-frequency end points, including death. However, the mechanistic underpinnings for the observed reduction in the rate of death with bivalirudin (i.e., reduced risks of bleeding, transfusion, and thrombocytopenia), in concert with the consistency of our results with those of earlier studies, 20-23 provide reassurance that this finding is probably valid. Fourth, reinfarction may be difficult to detect after primary PCI, although the nearly identical peak levels of cardiac enzymes after PCI in the two treatment groups suggest that there was no difference in the rate of reinfarction. Finally, although an independent, unblinded statistical monitoring group has found no interactions between the type of stent used and the randomly assigned study drug for the primary 30-day end points, longerterm follow-up, including unblinding of the stent randomization data at 1 year, is required to evaluate thoroughly the effect of bivalirudin in patients with ST-segment elevation myocardial infarction who are undergoing primary PCI.
In conclusion, our trial shows that in patients with evolving ST-segment elevation myocardial infarction who are undergoing primary PCI, the Time-to-event curves through 30 days are shown for net adverse clinical events (Panel A), major bleeding (Panel B), major adverse cardiovascular events (Panel C), and death from cardiac and noncardiac causes (Panel D). Treatment with bivalirudin alone as compared with heparin plus glycoprotein IIb/IIIa inhibitors resulted in reduced 30-day rates of net adverse clinical events (9.3% vs. 12.2%; hazard ratio, 0.75; 95% CI, 0.62 to 0.92; P = 0.006) and major bleeding (5.0% vs. 8.4%; hazard ratio, 0.59; 95% CI, 0.45 to 0.76; P<0.0001), similar 30-day rates of major adverse cardiovascular events (5.5% and 5.5%, respectively; hazard ratio,1.00; 95% CI, 0.75 to 1.32; P = 0.98), and reduced 30-day rates of death from cardiac causes (1.8% vs. 2.9%; hazard ratio, 0.62; 95% CI, 0.40 to 0.96; P = 0.03). P values are based on the log-rank test. Event rates represent Kaplan−Meier estimates. GP denotes glycoprotein. 
